Eastern Illinois University

The Keep
Masters Theses

Student Theses & Publications

1992

A Biosystematic Study of Panus conchatus
(Basidiomycetes; Agaricales)
James Edward Johnson
This research is a product of the graduate program in Botany at Eastern Illinois University. Find out more
about the program.

Recommended Citation
Johnson, James Edward, "A Biosystematic Study of Panus conchatus (Basidiomycetes; Agaricales)" (1992). Masters Theses. 2224.
https://thekeep.eiu.edu/theses/2224

This is brought to you for free and open access by the Student Theses & Publications at The Keep. It has been accepted for inclusion in Masters Theses
by an authorized administrator of The Keep. For more information, please contact tabruns@eiu.edu.

THESIS REPRODUCTION CERTIFICATE

TO: Graduate Degree Candidates who have written formal theses.
SUBJECT:

Permis~ion

tQ reproduce the1;1es.

The University Library is rec;eiving a number of requests from other
infJtitutions $sking permission to repro.duce dissertations for inclusion
in their library holdings. Although no c;opyfight laws are involved, we
feel that professional courtesy demands that permission be obtained
from the author before we allow theses to be copied.
Ple'-se sign

on~

of the iollowing statements:

·Booth Library of Eastern Illinois University has my permission to lend
my thesis to a reputable college or university for the purpose of copying
it for b1clusion in that institution's library or reseij,rch holdings.

"(j

'/'
Pate

u

I respectfu~ly req\lest Booth Library of
allow my thesis be roeprod\lced l>ecause

Date

m

~astern

(/

Author

Illinois University not

~~--~~----~~--~~--

Author

A Biosystematic Study of Panus conchatus
(Basidiomycetes; Agaricales)
(TlnE)

BY

James Edward Johnson

THESIS
SUBMlmD IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF

Master of Science
IN THE GRADUATE SCHOOL, EASTERN ILLINOIS UNIVERSITY
CHARLESTON, ILLINOIS

1992
YEAR

I HEREBY RECOMMEND THIS THESIS BE ACCEPTED AS FULFILLING
THIS PART OF THE GRADUATE DEGREE CITED ABOVE

l\UVl;)tK

ABSTRACT

As part of a biosystematic study of Panus conchatus (Bull.: Fr.)
Fr., North American and European herbarium specimens from the Field
Museum and the University of Michigan were examined and a description
of the taxon prepared.

Tissue and single spore isolates were obtained

from basidiocarps collected in Illinois.

Single and polyspore isolates

were obtained from a collection made in Switzerland by R. H. Petersen.
Culture mat analyses were completed on several media and the taxonomic
value of cultural characters assessed.

Based on this study, the

identification of somatic cultures by cultural characteristics is
unlikely.

Single spore isolates from the Illinois collection were

crossed in all possible combinations and the mating system was
determined to be tetrapolar.

Tester strains from the Illinois and

Switzerland collections were crossed and North American and European
populations found to be intercompatible.

This data indicates that

these populations were contaxic and that there are more than four
alleles controlling intercompatibility in this taxon.

Cultures were

also inoculated with nematodes in order to determine if this taxon
produces nematode trapping devices.

This study indicates that nematode

trapping devices are not produced.

In order to complete a study of

basidiocarp development an attempt to determine the conditions
necessary for basidiocarp induction was undertaken.

Although mature

basidiocarps were not produced, this study suggests that an extended
cold treatment is necessary for primordia initiation.
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I. INTRODUCTION

The genus Panus as proposed by Fries (1838) includes a group of
lignicolous basidiomycetes which occur commonly in the tropics and less
so in north temperate regions.

The basidiocarps are pleurotoid, tough,

cartilaginous, and revive upon moistening.
lateral or sometimes almost absent.

The stipe is central to

The pileus surface is tomentose,

strigose, squamulose or smooth, and the gills are decurrent with an
entire margin.

Basidiocarps are usually not brightly colored except

for those taxa which exhibit a lilac pigment.

The context is white

and composed of interwoven hyphae which become dimitic in age,
exhibiting intercalary or terminal skeletal hyphae.
clavate and four sterigmate.

The basidia are

The basidiospores are white, ellipsoid to

cylindric, smooth, thin-walled, and inamyloid.

Cystidia are present in

some taxa.
For the purpose of this study, the type species of the genus,

Panus conchatus (Bull: Fr.) Fr., was chosen.

The objectives of this

study were five fold: first, determine the taxonomic value of cultural
mat morphology and phenoloxidase analyses; second, determine the mating
system operating in this taxon; third, determine if populations from
North America are conspecific with European populations; fourth,
determine the ability or lack thereof of this organism to trap
nematodes, and; fifth, determine the optimal conditions for basidiocarp
initiation and development so that a critical study of basidial nuclear
events could be completed.

A. TAXONOMIC AND NOMENCLATURAL HISTORY

Fries (1821) initially described all fungi which produce
basidiocarps with gills as members of the genus Agaricus.
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As it became

clear that these organisms were often morphologically distinct,
additional genera were described for these divergent groups of fungi.
Fries (1838), proposed the genus Panus to include a group of
pleurotoid, lignicolous basidiomycetes that were tough and reviving
when moistened.

Lloyd (1913) transferred several of the species

included in Panus to Lentinus Fr.

based principally on basidiocarp

morphology although his reasons for these transfers were not clearly
stated.

Pilat (1935) transferred all of the taxa in Panus sensu lato

to Pleurotus (Fr.) Quel.

based largely on macromorphology although he

incorporated cystidial and basidiospore data as well.

Pilat (1941)

later described the genus Lentinopanus Pilat to include all of the taxa
formerly accommodated in Lentinus and Panus.

Singer (1986) used the

type of lamellar trama as the principle character to separate Lentinus
and Panus.

Singer (1986) included those taxa with regular lamellar

trama in Lentinus and those with irregular lamellar trama in Panus.
Corner (1981), in his treatment of the Malaysian species of Lentinus,
Panus and Pleurotus, used the mitic system and cystidia type to limit
Panus and Lentinus.

Corner (1981) deposited taxa with skeletal hyphae

and cystidia in Panus, those with binding hyphae and hyphal pegs in
Lentinus, and taxa with monomitic hyphae and scattered skeletal hyphae

in Pleurotus.

Pegler (1983) included all taxa previously housed in

Panus in Lentinus and reduced Panus to a subgenus within Lentinus based

exclusively on anatomical data.

Hibbett and Vilgalys (1991), using

restriction analysis of enzymatically amplified ribosomal DNA,
concluded that Lentinus sensu Pegler is paraphyletic with some taxa
closely allied to the Polyporaceae and others intermediate between the
Polyporaceae and the Tricholomataceae.

The members of subgenus Panus

were found to be intermediate between the Polyporaceae and the
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Tricholomataceae.

Their data (Hibbett and Vilgalys, 1991) suggests

those taxa included in subgenus Panus sensu Pegler are distinct from
the remaining taxa in Lentinus and should be recognized as a separate
genus.

Based on the morphological and biochemical differences stated

above I recognize Panus as an autonomous genus distinct from Lentinus
and Pleurotus.

B. PANUS IN RELATION TO OTHER GENERA
Pleurotus (Fr.) Quel. --

Pleurotus is difficult to separate from

Panus morphologically and there is some indication that the classical

limits of Pleurotus are artificial.

Singer (1986) used lamellar trama

type to separate Pleurotus from Panus.

Singer (1986) characterizes

Pleurotus by an irregular lamellar trama and a well-developed

subhymenium and Panus by irregular lamellar trama and an inconspicuous
subhymenium.

Corner (1981) separates the two genera based on the mitic

system, basidiospore morphology and cystidia data.

Pleurotus sensu

Corner consists of fungi with monomitic or dimitic hyphal systems with
terminal tapered skeletal hyphae, basidiospore shapes ranging from
allantoid to cylindric, and pleurocystidia in a few taxa.

Panus sensu

Corner includes fungi with dimitic hyphal systems with long intercalary
and terminal skeletal hyphae, cylindric basidiospores, and
pleurocystidia in most taxa.

It is clear from this information that

the delimitation of Pleurotus from Panus is artificial, complex and in
need of further definition.
Panellus Karst.

The basidiocarps of Panellus are quite small,

with an eccentric to lateral stipe with the tramal hyphae often
gelatinizing in part.
ellipsoid and amyloid.

The basidiospores are allantoid, cylindric, or
Panus produces larger basidiocarps in which the
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tramal hyphae do not gelatinize and cylindric basidiospores that are
inamyloid.

Hohenbuehelia Schulz. -- The basidiocarps of Hohenbuehelia are
pleurotoid, sessile or laterally to rarely centrally stipitate, with a
distinct gelatinous zone forming in the upper layers of the pileus
trama.

In addition encrusted metuloids are present in the hymenium.

Panus lacks gelatinized trama tissues, though metuloids may be present
many taxa.

Resupinatus Nees:

s.

F. Gray. -- The basidiocarps of Resupinatus

are pleurotoid, sessile or substipitate with a pseudostipe which is not
differentiated from the pileus.

The basidiocarp trama is monomitic and

the hyphae are frequently gelatinized. The basidiospores are globose,
allantoid, or cylindric and inamyloid.

The absence of thick walled

skeletal hyphae and the presence of gelatinized tissues clearly
separate Resupinatus from Panus.

Lentinus Fr. -- In his monograph of the genus Lentinus, Pegler
(1983), considered Panus to be a subgenus of Lentinus based on
basidiocarp morphology.

Corner (1981) considered Lentinus to consist

of taxa with a dimitic hyphal system, narrowly ellipsoid to
subcylindric basidiospores, that lack pleurocystidia, and possess
hyphal pegs, defined as fascicles of generative or short skeletal
hyphae that project out from the hymenium.

Panus sensu Corner (1981)

includes those taxa with a dimitic hyphal system, cylindric
basidiospores, pleurocystidia in most taxa, and the absence of hyphal
pegs.

Lentinus sensu Singer (1986) contains fungi with a regular to

subregular lamellar trama, where the taxa in Panus have an irregular
lamellar trama.

Lentinus can easily be separated from Panus by the

presence of a regular lamellar trama and hyphal pegs.
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II.

MATERIALS AND METHODS
A. TAXONOMIC STUDIES

Fresh basidiocarps were collected on several occasions from a
single log in Rocky Branch Nature Preserve, Clark County, Illinois.
Spore prints were taken on white bond paper in order to determine
basidiospore color.

Notes on macromorphological characteristics were

recorded using standard practices.
Kornerup and Wanshcher (1978).

Color descriptions were taken from

Specimens were dried, boxed, and

preserved in the E. L. Stover Herbarium at Eastern Illinois University
(EIU).
Additional specimens for this study were obtained from herbaria at
the Field Museum of Natural History (F), the University of Tennessee
(TENN), and the University of Michigan (MICH).

For microscopic study

the specimens were reconstituted in 95% ethanol followed by distilled
water.

Free-hand sections of the material were made with a double-

edged razor blade.

Sections studied included: l) Pileus tangential

sections to determine the arrangement of the pileipellis, pileal and
lamellar trama, and the distribution and morphology of the basidia,
pleurocystidia and skeletal hyphae.

Following a cursory examination of

a section, gentle pressure was applied to the coverslip to dislodge the
hymenial elements.

This was an important step in the description of

basidia and pleurocystidia morphology and determination of the presence
or absence of clamp connections;

2) Lamellar edge section to determine

cheilocystidia morphology, and; 3) Stipe longitudinal section to
determine the organization of the stipe trama and stipitipellis.
Sections were mounted in 3% KOH and 2% Phloxine or Meltzer's Reagent.
Microscopic examination of the sections was conducted with a Nikon
research microscope using brightfield and phase contrast optics.

s

Ten

representative basidia, basidiospores, pleurocystida, and
cheilocystidia were measured for each specimen in order to determine a
size range.

If a spore print was available ten additional

basidiospores were measured.

Measurements were recorded on a preformed

data sheet and a range for each structure was determined along with an
average size and standard deviation.

For the basidiospores, the mean

of the quotient of length divided by width was reported as Q.
Photomicrographs of important micromorphological features were taken
with a Nikon photoadaptor mount and Ektakrome 160 ASA film.
Identification of taxa was based on Kauffman (1918), Moser (1978),
Pegler (1983), and Watling (1987).

B. CULTURE MAT ANALYSES

Somatic tissue cultures were made from tramal tissue of freshly
collected basidiocarps.

A small piece of the trama from the point

where the stipe and the pileus join was removed using sterile forceps
and embedded in Difeo Malt Extract Agar (MEA) in 90 mm pyrex petri
dishes.

The cultures were inverted and incubated several days in the

dark at @ 20°c.

An agar block containing rapidly growing hyphal tips

was subsequently subcultured to a second plate until an axenic culture
was obtained.

A portion of the axenic culture was transferred to a

test tube of MEA for storage in the culture collection of the E. L.
Stover Herbarium.

A dikaryotic culture of a collection made in

Switzerland by Dr. Ronald H.

Petersen (TENN) was also utilized in the

study.
Culture mat morphology was determined using the procedures
described by Nobles (1948, 1958a, 1965) and Stalpers (1978).
were grown on MEA for one week in the dark.
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Cultures

A small block of agar,

about 5 mm 2 , was cut from the culture and placed on 10 replicants of
MEA, Difeo Potato Dextrose Agar (PDA), Difeo Corn Meal Agar (CMA),
Difeo Sabouraud's Dextrose Agar (SAB), and Molasses Yeast Extract Agar
(MMsY) as modified from Bermudes et al. (1990).
listed in the Appendix.

Media ingredients are

Radius measurements and photographs, using 400

ASA black and white 35 mm film, were taken at two week intervals in
order to determine growth rates.

Macromorphological and

micromorphological characteristics were also recorded.
Photomicrographs of salient morphological characteristics were prepared
as outlined above.

C.

MATING ANALYSES

Single spore isolates were made using the techniques outlined by
Mueller et al. (1989).

Spore prints were obtained in sterile

disposable 60 X 15 mm petri plates by suspending a small piece of
freshly collected basidiocarp from the dish lid using petroleum jelly
as an adhesive.

The petri dish was wrapped in parafilm and stored on a

laboratory bench.

After 24 hours, the basidiocarp piece was removed

and @ 1.0 ml of sterile distilled water added to the dish to form a
basidiospore suspension.

0.1 ml aliquots of the basidiospore

suspension were pipetted onto 90 mm pyrex petri dishes containing MEA.
The suspension was evenly distributed on the surf ace of the agar using
a sterile bent glass rod.

The plates were inverted and incubated at @

25°c in the dark for 24 to 48 hours.

After the initial incubation

period, the plates were examined with a dissecting microscope in a
laminar flow hood.

Individual germinating spores were removed and

placed in fresh petri dishes and incubated at @ 25°c in the dark.

The

plates were examined several days later with those that lacked clamp
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connections considered to be monokaryotic isolates from a single spore.
Monokaryotic isolates were transferred to test tubes containing MEA and
placed in the EIU culture collection.

A set of 24 single spore

isolates for a collection made in Switzerland by R. H.

Petersen (TENN)

were also provided for this study.
In order to determine the mating system in P. conchatus, single
spore isolates from a single basidiocarp were grown on MEA plates until
they achieved a sufficient sized to provide a suitable number of 2 mm 2
inoculation plugs.

Each single spore isolate was crossed in all

possible combinations with the remaining single spore isolates by
placing inoculation plugs about 5 mm apart on 90 mm pyrex petri dishes
containing MEA and incubated at @ 20°c in the dark.

After 7-10 days

the cultures had grow sufficiently to form a substantial interface
zone.

The plates were examined by placing a small block of agar from

the interface zone in a drop each of 3% KOH and 2% phloxine on a slide
and covering with a coverslip.

The slide was examined with a compound

microscope at 400X and the presence or absence of clamp connections was
recorded on a premade sheet.
After the mating system of each collection was determined, tester
strains representative of each allele type were designated for each
population.

The tester strains of the Illinois material were crossed

in the same manner with those of the Swiss population in all possible
combinations.

After 7 to 10 days the results were scored in the same

manner.

D.

PHENOLOXIDASE ANALYSES

To determine the presence of the phenoloxidases, laccase,
tyrosinase, and peroxidase, spot tests were carried out on two and four
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week old cultures.

Initial screening for the presence of

phenoloxidases was carried out as described by Nobles (1958b) using 0.5
g of gum guaiac dissolved in 30 ml of 95% ethanol.

The guaiacol was

applied directly to the surface of the growing mycelium and the results
read over a 24 hour period.

Negative controls for this experiment were

95% ethanol and sterile distilled water.

Although this test provides

an initial screening, it does not identify the individual enzymes
systems present.

As such, additional tests were required.

The

presence of laccase was tested for; 1) using 0.1 M 1-napthol in 95%
alcohol, for which a positive reaction yielded a dark purple color
(Kaarik, 1965) and 2) 0.1 g syringaldazine dissolved in 100 ml of 95%
alcohol, for which a positive reaction yielded a magenta color (Marr,
1979).

Tyrosinase activity was tested for by the application of 0.1 M

p-cresol in 95% alcohol (Kaarik, 1965).

Peroxidase activity was tested

for using equal parts of 0.4% hydrogen peroxide and 1% pyrogallol
dissolved in water (Taylor, 1974).

Positive reactions for both of

these tests are yellow-brown to orange-brown color changes.

Tests were

conducted by direct application of the test reagents to the rapidly
growing hyphal tips of dikaryotic and monokaryotic cultures.

Sterile

distilled water and 95% ethanol were used as negative controls.

Since

several tests were conducted on the same petri dish, care was taken to
ensure that the reagents did not come into direct contact with one
another.

The tests were read over a 24 hour period, although positive

reactions were generally evident in a matter of minutes. It should be
noted that positive syringaldazine reactions decolorized in time.

E.

NEMATODE TRAPPING

Nematodes were isolated from fresh horse dung collected at the
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Coles County Fair Grounds, Charleston, Illinois.

Small pieces of dung

were placed on the surf ace of Water Agar (WA) in 90 mm diameter pyrex
petri dishes and incubated at room temperature.

After several days,

nematodes which migrated onto the surface of the agar were transferred
along with a small wedge of agar to water agar plates that had been
streaked with Escherechia coli.

The nematodes were transferred at one

or two day intervals until cultures were established that were free of
fungal contaminants.
To assess the potential nematode trapping ability of P.
conchatus, nematodes were placed WA plates containing 7 day old
cultures from Illinois and Switzerland.

The cultures were examined at

daily intervals with dissecting and compound microscopes for evidence
of nematode trapping.

F.

BASIDIOCARP DEVELOPMENT

Cultures were exposed to a variety of medial and environmental
conditions in order to determine the appropriate conditions for
basidiocarp formation.

250 ml culture flasks containing @ 100 ml MEA,

PDA, SAB, Emersons's Yeast Powder Soluble Starch Agar (YpSS), MMsY,
MMsY with wood chips (MMsY+), Water Agar with wood chips (WA+), a
synthetic medium (PTM) used by Faro (1972) for Panus tigrinus (Bull.:
Fr.) Singer, sterile rice (SR), and sterile rye (SRy).

The cultures

were inoculated with small plugs of rapidly growing hyphae from the
Illinois collection and incubated in the dark at

2s 0 c for four weeks.

After the initial incubation period, the flasks were separated into
four different groups as follows:

Group I remained in the dark at

2s 0 c; Group II was placed in an incubator with a twelve hour day/night
cycle and temperatures of 22/18°c; Group III was exposed to a s 0 c cold
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treatment for a period of one week before they were returned to initial
conditions of 25°c in the dark; and Group IV was exposed to the same
cold treatment as Group III and then placed in an incubator with a
twelve hour diurnal cycle at 22/18°c.
of each medium.

Each group included three flasks

The light intensity inside the incubator was 425 ft-c

as measured by a Weston Model 756 illumination meter.

The cultures

were observed at weekly intervals for evidence of basidiocarp
initiation and formation.

This set of experiments was replicated three

times.
A modification of the method described by Bermudes et al.
for Panellus stypticus (Bull.: Fr.) Kar. was also utilized.

(1990)

A 15 X 30

cm piece of corrugated cardboard weighing about 25 g was rolled
cylinder and bound with a wire paperclip.

into a

The cardboard was placed in

a quart canning jar, and 100 ml of MMsY agar poured over it, and the
jar sterilized at 15 psi and 250°F for 15 minutes.

After cooling the

surface of the cardboard was inoculated with a small block of agar from
an actively growing culture.

The resulting cultures were exposed to

the same environmental conditions as Group IV.

The cultures were

examined at weekly intervals for evidence of basidiocarp initiation and
formation.
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III. RESULTS AND DISCUSSION
A.
Panus Fr.

DESCRIPTION OF PANOS

Epicrisis Systmeatis Mycologi:

p. 396, 1838.

Type Species: Panus conchatus (Bull: Fr.) Fr. Epicrisis: p. 397,
1838.
Basidiocarps pleurotoid, tough and reviving when moistened,
usually brown or darkly pigmented, some taxa tinted with violet.
Lamellae decurrent, margin entire, lightly colored, may be tinted with
violet.

Stipe central, eccentric or lateral, terete.

distinctive.

Odor not distinctive.

Taste not

Spore print white to cream.

Basidiospores small, mostly under 8 um long, ellipsoid to
cylindric, smooth, thin-walled, hyaline, inamyloid.
four sterigmate, thin-walled, hyaline.

Basidia clavate,

Pleurocystidia present in most

taxa, abundant, highly variable in shape, walls thickening at maturity,
often metuloidal.

Subhymenium not well-developed and narrow.

dimitic, composed of generative and skeletal hyphae.
thin-walled, branched, hyaline, clamped.

Trama

Generative hyphae

Skeletal hyphae thick-walled,

unbranched, hyaline, intercalary or terminal.
Habit, habitat, and distribution.

Solitary, gregarious,

caespitose, or imbricate masses; lignicolous; common in tropics, less
so in north temperate zones.
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B. DESCRIPTION OF PANUS CONCHATUS
Panus conchatus (Bull: Fr.) Fr., Epicrisis: p. 397, 1838.
_ Agaricus conchatus Bull., Herb. Fr.: pl. 298, 1786.
_ Agaricus conchatus Bull.: Fr., Syst. Mycol. 1:181, 1821.
_ Lentinus conchatus (Bull: Fr.) Schroet., Pilze Schles. 1:554,
1889.
_ Panus torulosus var. conchatus (Bull: Fr.) Kauffm., Agar. Mich.
p. 47, 1918.
_ Pleurotus conchatus (Bull: Fr.) Pilat apud Kavina & Pilat, Atl.
Champ. Eur. 2: 159, 1935.
= Lentinopanus conchatus (Bull: Fr.) Pilat in Ann. Mycol. 39: 73,
1941.
Panus flabelliformis (Schaeff.) Quel. Fl. Mycol.: 325, 1888.
_ Agaricus flabelliformis Schaeffer, Fung. Bav. Palat., Regensb.
1: 20, pl.43-44, 1762, (non Agaricus flabelliformis Bolt: Fr.,
1821).
Panus carneotomentosus (Batsch) Ricken, Blatterpilze: 88, 1915.
_ Agaricus carneotomentosus Batsch, Elench. Fung.: 90, pl. 8/33,
1783.
_ Lentinus carneotomentosus (Batsch) Schroet. apud Cohn, Pilze
Schles. 1: 554, 1889.
= Panus torulosus (Pers.: Fr.) Fr., Epicrisis: 397, 1838.
Agaricus torulosus Pers., Syn. Meth. Fung.: 475, 1801.
: Agaricus torulosus Pers.: Fr., Syst. Mycol. 1:181, 1821.
_ Lentinus torulosus (Pers.: Fr.) Lloyd, Mycol. Writ. 4, Lett.
47:13, 1913.
_ Pleurotus torulosus (Pers.: Fr.) Pilat apud Kavina & Pilat, Atl.
Champ. Eur. 2: 159, 1935.

=

= Lentinus inconstans (Pers.: Fr.) Fr., Syn. Gen. Lent.: 12, 1836.
_ Agaricus inconstans Pers., Syn. Meth. Fung.: 475, 1801.
Agaricus inconstans Pers.: Fr., Syst. Mycol. 1: 181, 1821.

=

= Panus monticola Berk. in Hooker, Journ. Bot. & Kew Misc. 3: 46, 1851.
= Panus vaporarius Baglietto in Comm. Soc. Critt. Ital. 2: 264, 1865.
_ Lentinus vaporarius (Baglietto) P. Hens. apud Engl. & Prantl,
Nat. Pflz.-fam. 1,1: 224, 1900.

Lentinus percomis Berk & Br. in Journ. Linn. Soc. Bot. 14: 42, 1873.
= Lentinus divisus Schulzer in Verh. Zool.-Bot. Gesell. Wien 28: 426,
1879.

Lentinus bresadolae Schulzer in Hedwigia 24: 141, 1885.
= Lentinus obconicus Peck in Bull. Torrey Bot. Cl. 33: 215, 1906.
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Pileus (Figure I) 3-20 cm broad, spathulate to conchate in
profile, becoming depressed in the center at age; margin inrolled to
decurved, wavy; surface glabrous, dry, appearing radially striate to
fibrilose scaly, scales more apparent in mature basidiocarps, appressed
in age; light brown (606-5) to brown (6E6-5), scales and fibrils brown
(6E7-6) to dark brown (6F7-6), pileus tinted with violet (17B6-4) when
young.

Lamellae decurrent, close, broad, margin entire, forked,

lamellulae in 3-4 tiers; white to cream, tinted with violet when young
fading to greyish-orange (6B5-4) or brownish-grey (7C3-2).

Stipe

central, eccentric or lateral, 1-3 cm long, 0.5-3 cm in diameter, equal
or tapering to the base, terete; surface fibrilose to pubescent, dry;
light brown (606-5) to reddish grey (7B3-2).

Context white to cream,

not staining, up to 1 cm thick over the surface of the pileus, becoming
dimitic at maturity.

Taste not distinctive.

Basidiospores 4.3-6.4(8.6) X 2.1-4.3 (6.1

Odor not distinctive.

± 0.8 X 2.9 ± 0.7) um

(Q

= 2.2), ellipsoid to cylindric, hyaline, thin-walled, inamyloid, white

to cream colored in mass.

± 3.7

Basidia (Figure II) 20-43 X 3-8 (29.4

X 5.2 ± 0.8) um, four sterigmate, clavate, thin-walled, hyaline,
clamped.
6.9

±

Pleurocystidia (Figure III) 26-70(95) X 3-15 (45.0

±

10.5 X

2.3) um, abundant, clavate, narrowly clavate or lageniform,

generally with a rounded apex, walls often becoming up to 2 um thick,
metuloidal, hyaline, clamped.
7.1 X 8.3

Cheilocystidia 16-49(60) X 3-16 (37.2

±

± 2.6) um, crowded, clavate, inflated clavate, lageniform or

obclavate, thin-walled to slightly thick-walled, hyaline, clamped.
Subhymenium 10 to 30 um thick, composed of ineterwoven hyphae.
comprised of interwoven generative and skeletal hyphae.

Trama

Generative

hyphae 2-4.5 um in diameter, filamentous branched, thin-walled,
hyaline, clamped.

Skeletal hyphae 3-6.5 um in diameter, filamentous
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unbranched, walls up to 2 um thick, hyaline, somewhat refractive,
intercalary or terminal in origin.

Pileipellis a simple cutis of

radially arranged, repent, generative hyphae, 2-4.5 um in diameter,
filamentous branched, walls brown, slightly thickened, clamped,
pileocystidia absent.

Stipitipellis composed of longitudinally

interwoven generative hyphae with scattered emergent hyphal tips;
hyphae 2-4.5 um in diameter, walls brown, slightly thickened, clamped,
caulocystidia absent.

Stipe trama composed of interwoven generative

and skeletal hyphae similar to those found in the pileus.
Habitat:

solitary to gregarious on hardwoods.

Collections Examined
Canada
British Columbia:

Barnaby Lake, 10.vi.1951, Groves 27625 (MICH).

Nova Scotia: Kings Co., Harrington Road, 18.vii.1968, Harrison
7711 (MICH); Kings Co., Coldbrook, 22.vii.1972, Harrison 11647 (MICH).
Ireland: Connemarci, Between Leenane and Wier Bridge, 9.iv.1952, Reid
s. n. (MICH).
Switzerland: La Chaurvette lOOOm sur artier pres de Nyon Jury Haudois,
16.x.1947, Favre s. n. (MICH); Valle Maggia, Trail to Mt. Rima,
2.x.91, Petersen 4314 (TENN 50394)
United States
Illinois: River Forest, 5.vi.1909, Harper 2517 (F 1280685); River
Forest, x.1898, Harpers. n. (F 1277752); River Forest, 20.v.1899,
Harpers. n. (F 1277777); Clark Co., Rocky Branch Nature Preserve,
3.v.1990, Methven 6427 (EIU); Clark Co., Rocky Branch Nature Preserve,
Methven 5593 (EIU); Clark Co., Rocky Branch Nature Preserve, Methven
5569 (EIU); Clark Co., Rocky Branch Nature Preserve, 7.xi.1990, Johnson
148 (EIU); Clark Co., Rocky Branch Nature Preserve, 17.v.1991, Johnson
228 (EIU).
Michigan: Emmet Co., Mackinaw Hardwoods, Mackinaw City,
23.vii.1965, Smith 71854 (MICH); Emmet Co., Pellston Hills, 27.vi.1953,
Singer Nl90 (F 1001230); Emmet Co., 5mi s. of Pleasant View, 7.v.1953,
Singer N392 (F 1073869); Benzie Co., Frankfort, viii.1913, Harper 3522
(F 1285534); Mackinac Island, 12.vii.1899, Harpers. n. (F 1283576);
Washtenaw Co., Pleasant Lake Road, 23.v.1937, Smith 6210 (MICH);
15

Washtenaw Co., Pleasant Lake Road, 10.vi.1937, Smith 6278 (MICH);
Gratiot Co., Ithaca, Allen's Woods, 10.vi.1948, Potter 4954 (MICH);
Cheboygan Co., Burt Lake, Colonial Point, 5.vii.1969, Smith 77560
(MICH); Emmet Co., West of Pellston Airfield, 15.vii.1953, Singer N560
(F 1073868); Mackinac Island, 12.vii.1899 (F 1284301); Sharon Hollow,
26.ix.1951, Smith 38859 (MICH).
Minnesota:
1278196).
Ohio:

Hennepin Co., Minneapolis, Whetstones. n.

(F

Lane, 18.x.1919, Beardslee s. n. (MICH).

Oregon: Tillamook Co., Sand Lake Area, 12.xii.1972, Smith 83672
(MICH); Willamette River, 20.iv.1955, Oswald s. n. (MICH).
Tennessee:
Virginia:
1001297).

Coal Creek, 4.28.1934, Hesler 3855 (MICH).
Giles Co., Near Mt. Lake, 17.vi.1947, Singer V396

(F

Washington: s.w. entrance to Mt. Ranier National Park,
19.ix.1954, Smith 47721 (MICH).
Wisconsin:
1150742).

Walworth Co., Lake Geneva, 29.v.1938, Stifles. n. (F

C. CULTURE MAT ANALYSES

The systematics of higher fungi was initially based solely on
basidiocarp morphology.

In order to provide additional data for

systematic treatment of the wood-rotting Aphyllophorales, Nobles (1948,
1958a, 1965) introduced a method for the description of somatic
cultures and provided keys for their identification.

Stalpers (1978)

subsequently published more intensive keys for the identification of
somatic cultures of a larger number of basidiomycetes.

Although

Stalpers (1978) methods do not differ significantly from previous
studies, they do include more modern and precise chemical spot tests.

Illinois Isolates
Macromorphology:

MEA:

Radius week II 30-37 mm, week IV 46-

72 mm, week VI 85 mm; mat tightly interwoven, initially f loccose,
16

becoming felty, white; advancing zone submerged, narrow, white, margin
irregular; plug felty, white; reverse coloration of older zones light
yellow (4A4).

PDA: radius at week II 34-38 mm, week IV 54-78 mm, week

VI 85 mm; mat tightly interwoven, felty to cottony, white; advancing
zone as in MEA; plug same as mat; reverse coloration light yellow
(4A4).

SAB: radius at week II 23-34 mm, week IV 40-68 mm, week VI 85

mm; mat tightly interwoven, felty to cottony, white; advancing zone as
in MEA; plug same as mat; reverse coloration amber (4B6), banana yellow
(4B7) or golden-brown (507) in the older zones.

CMA:

radius at week

II 25-35 mm, week IV 56-70 mm, week VI 85 mm; mat appressed to
submerged, hyaline; advancing zone same as mat, margin irregular; plug
same as mat; reverse coloration not apparent.

MMsY:

radius at week II

32-37 mm, week IV 60-66 mm, week VI 85 mm; mat floccose to felty,
faintly zonate, white: advancing zone as in MEA; plug same as mat;
reverse coloration not apparent.
Micromorphology:

MEA:

Hyphae largely undifferentiated,

occasionally aggregated into rhizomorphs, clamp connections prominent,
inflated, thin-walled or irregularly thickened to 2 um (Figure IV);
vesicles few, intercalary or terminal (Figure V and Figure VI);
crystals few to none.

PDA: hyphae as in MEA; vesicles as in MEA;

crystals abundant, polyhedral.

SAB: hyphae as in MEA; vesicles common,

intercalary or terminal; crystals abundant, irregular.

CMA: hyphae

largely undifferentiated, not tightly interwoven, thin walled to
irregularly thickened; vesicles absent; crystals absent.

MMsY: hyphae

as in MEA, vesicles as in MEA, crystals abundant, irregular.

17

Switzerland Isolates
Macromorphology:

MEA:

radius at week II 10-19 mm, week IV 31-56

mm, week VI 45-74 mm; mat floccose to felty, white; advancing zone
submerged, margin irregular; plug same as mat; reverse coloration light
yellow (4A4).

PDA:

radius at week II 12-15 mm, week IV 29-36 mm, week

VI 46-59 mm; mat felty to cottony, tightly interwoven, white; advancing
zone as in MEA; plug forming irregular, greyish-violet (1883) to
violet-grey (1882) mounds, with yellow-ochre (5C7) to golden-brown
(5D7) droplets forming on the surface; reverse coloration light yellow
(4A4).

SAB:

radius at week II 13-20 mm, week IV 33-48 mm, week VI 56-

76 mm; mat felty to cottony, faintly zonate, white; advancing zone as
in MEA; plug same as mat; reverse coloration light yellow (4A4) to
golden-brown (507).

CMA: radius at week II 16-22 mm, week IV 17-37 mm,

week VI 42-60 mm; mat appressed to submerged, transparent; advancing
zone as in MEA; plug same as mat; reverse coloration not apparent.
MMsY: radius at week II 14-19 mm, week IV 20-34 mm, week VI 40-58 mm;
mat floccose to felty, faintly zonate, white; advancing zone as in MEA;
plug forming irregular mounds of hyphae, colored as in PDA, brown (7E7,
7E8) droplets forming on the surface; reverse coloration light yellow
(4A4).
Micromorphology:

MEA:

hyphae largely undifferentiated,

occasionally aggregated into rhizomorphs, clamp connections prominent,
inflated, thin-walled to irregularly thickened up to 2 um; vesicles
few, intercalary or terminal; crystals absent.

PDA:

hyphae as in MEA;

vesicles as in MEA; crystals abundant, needle-shaped, polygonal or
irregular.
CMA:

SAB: hyphae as in MEA; vesicles as in MEA; crystals absent.

hyphae as in MEA; vesicles absent; crystals absent.

MMsY: hyphae

as in MEA; vesicles as in MEA; crystals abundant, irregularly shaped.
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Robles Code: 2.3.9.16.34.36.39.46(47).54.60

The texture and color of the culture mat is of limited taxonomic
value.

On all media, except CMA (where growth was limited), the mat

color, texture and reverse coloration were not distinctive.

Only the

isolate from Switzerland exhibited any differentiation of the culture
mat by the formation of irregularly shaped colored mounds of hyphae.
Additionally, the growth rates of the isolates from the two populations
were different.

The Illinois isolates covered the surface of the agar

in six weeks while the Switzerland isolates grew more slowly.

The

formation of colored mounds on the plug in the Swiss isolate and the
difference in growth rates observed suggests that it may be possible to
differentiate between geographically different populations of P.
conchatus with culture mat analysis.

Further research is required.

Although it was expected that micromorphological analyses of the
culture mat might provide diagnostic taxonomic characteristics for P.
conchatus, they proved of little consequence.

exhibited little hyphal differentiation.

Somatic cultures

Although there was a tendency

for the hyphae to form rhizomorphs, the majority of the hyphae were
thin-walled and clamped.

A few slightly swollen or inflated,

unbranched hyphae with irregularly thickened walls were also observed.
Hutchinson (1989) suggested that hyphal swellings that resemble
chlamydospores may be produced in response to environmental and/or
medial conditions.

True chlamydospores are asexual spores functioning

in perennation arising from modified hyphal segments that develop and
an inner secondary wall and lipid deposits (Hawksworth et al., 1983).
Since Nobles (1965) does not differentiate between true chlamydospores
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and hyphal swellings, the intercalary or terminal swellings observed
were termed "chlamydospores" in order to utilize Nobles code.

These

structures, however, should be considered as vesicles or hyphal
swellings until a determination of their exact nature can be
ascertained.

None of these features are uncommon hyphal modifications

in members of the Tricholomataceae or Polyporaceae.

As such, the

identification of cultures of P. conchatus by macromorphological or
micromorphological characters seems unlikely.

D. MATING ANALYSES

Mating systems have become an important tool for determining
biological species concepts in fungal systematics.

Boidin (1986)

summarized the uses of intercompatibility testing as follows:

1) to

determine if morphologically similar species are reproductively
isolated; 2) to determine the range of variability within a single
biological species; 3) to demonstrate genetic isolation of closely
related species; 4) to detect reproductive isolation in members of a
single morphospecies and demonstrate gradual speciation, and; 5) to
determine the geographical range of a species.
To date, two basic types of mating systems have been identified;
bipolar or unifactorial heterothallism and tetrapolar or bifactorial
heterothallism.

In bipolar heterothalism a single gene with a number

of alleles, designated A1 , A2 , A3 , ••• An, controls compatibility.

Only

matings between mycelia with different alleles are compatible (eg, A1 X
A2 ).

In tetrapolar heterothallism, two genes each with several

possible alleles, designated A 1 , A2 , A3 , ••• An and
respectively, control compatibility.

s 1 , s 2 , s 3 , ••• Bn

Only matings between mycelia that

differ in both A and B alleles are compatible (eg, A1 B1 X A2 B2 ).
20

The mating system of a basidiomycete can be determined by crossing
monokaryotic isolates from a single basidiocarp in all possible
combinations.

Positive crosses are indicated by the formation of clamp

connections which are formed following plasmogamy between monokaryons
and the establishment of a stable dikaryon.

If the mating system is

bipolar, positive crosses will result in about half the total crosses.
In a tetrapolar mating system, positive crosses will result in about
one quarter the total crosses.

After a mating system has been

ascertained, tester strains representative of each genotype are
designated arbitrarily.

Tester strains can be crossed with single

spore isolates from the same or different taxa to determine
intercompatibility.
Results from intracollection crosses are summarized in Tables I
and II.

Both the Illinois and Swiss isolates of P. conchatus yielded a

mating system characteristic of tetrapolar heterothallism.

This type

of mating system is common among fungi included in the Polyporales and
the Agarciales, although it has not been previously reported in Panus.
While this character alone is of little taxonmic significance, it did
permit the establishment of tester strains for testing compatibility
between geographically isolated populations.
The results of tester strain intercollection crosses are
summarized in Table III.

In crosses between tester strains of the

Illinois and Swiss isolates, compatible matings were recorded in all
cases.

This indicates that the two populations are contaxic and

supports morphological data gathered for the collections.

Since the

crosses were consistently positive, the monokaryons could not share any
alleles.

These results confirm the presence of more than four mating

alleles controlling compatibility in this taxon.
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In the future,

Table I. Intracollection crosses of Panus conchatus, Johnson
Illinois.
(+)
compatible mating; (-)
incompatible mating

=

=

22a,

12 IJ 14 Is 16 11 la 19 l1ol11l12l1Jl1411sl16l11l1al19l2ol21122I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
11 -I -I -I +I -I -I +I -I -I -I -I -I -I -I -I +I +I -I -I -I +I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
21 -I -I +I -I -I +I -I -I -I -I -I -I -I -I +I +I -I -I -I +I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
JI -I +I -I -I +I -I -I -I -I -I -I -I -I +I +I -I -I -I +I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
41 +I -I -I +I -I -I -I -I -I -I -I -I +I +I -I -I -I +I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
sl -I +I -I +I +I +I -I -I -I -I -I -I -I -I +I -I -I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
61 -I -I -I -I -I -I -I -I +I +I -I -I -I -I -I -I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
11 +I -I -I -I -I -I -I -I -I +I +I -I -I -I +I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
al +I +I +I -I -I -I -I -I -I -I -I +I -I -I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
91 -I -I -I -I -I -I -I +I +I -I -I -I +I
+--+--+--+--+--+--+--+--+--+--+--+--+--+
101 -I -I -I -I -I -I +I +I -I -I -I +I
+--+--+--+--+--+--+--+--+--+--+--+--+
111 -I -I -I -I -I +I +I -I -I -I +I
+--+--+--+--+--+--+--+--+--+--+--+
121 -I -I +I +I -I -I -I -I -I -I
+--+--+--+--+--+--+--+--+--+--+
131 -I +I +I -I -I -I -I -I -I
+--+--+--+--+--+--+--+--+--+
141 +I +I -I -I -I -I -I -I
+--+--+--+--+--+--+--+--+
1sl -I -I -I +I -I +I -I
+--+--+--+--+--+--+--+
161 -I -I +I -I +I -I
+--+--+--+--+--+--+
111 -I -I +I -I -I
+--+--+--+--+--+
1a1 -I +I -I -I
+--+--+--+--+
191 -I -I -I
+--+--+--+
201 -I +I
+--+--+
211 -I
+--+
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4314,

Table II. Intracollecton crosses of Panus conchatus, Petersen
Switzerland.
(+) = compatible mating; (-) = incompatible mating.

12 13 14 Is 16 11 la 19 l1ol11l12l13l1411sl16l11l1al19l2ol21l22l23l24
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
11 -I -I -I -I +I -I +I -I -I +I -I -I -I +I -I +I -I -I +I +I -I -I -I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
21 -I -I -I +I -I +I -I -I +I -I -I -I +I -I +I -I -I +I +I -I -I -I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
31 -I -I -I -I -I -I -I -I -I -I +I -I -I -I +I -I -I -I +I +I +I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
41 -I +I -I +I -I -I +I -I -I -I +I -I +I -I -I +I +I -I -I -I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
sl +I -I +I -I -I +I -I -I -I +I -I +I -I -I +I +I -I -I -I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
61 +I -I -I -I -I +I +I -I -I +I -I -I +I -I -I -I -I -I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
11 +I -I -I +I -I -I -I +I -I +I -I -I +I +I -I -I -I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
al -I -I -I +I +I -I -I +I -I -I +I -I -I -I -I -I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
91 -I -I -I -I +I -I -I -I +I -I -I -I +I +I +I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
101 -I -I -I +I -I -I -I +I -I -I -I +I +I +I
+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
111 +I +I -I -I +I -I -I +I -I -I -I -I -I
+--+--+--+--+--+--+--+--+--+--+--+--+--+
121 -I -I +I -I +I -I -I +I +I -I -I -I
+--+--+--+--+--+--+--+--+--+--+--+--+
131 -I +I -I +I -I -I +I +I -I -I -I
+--+--+--+--+--+--+--+--+--+--+--+
141 -I -I -I -I -I -I -I -I -I -I
+--+--+--+--+--+--+--+--+--+--+
1sl +I -I -I +I -I -I -I -I -I
+--+--+--+--+--+--+--+--+--+
161 +I -I -I +I +I -I -I -I
+--+--+--+--+--+--+--+--+
111 -I +I -I -I -I -I -I
+--+--+--+--+--+--+--+
1al -I -I -I -t +I +I
+--+--+--+--+--+--+
191 +I +I -I -I -I
+--+--+--+--+--+
201 -I -I -I -I
+--+--+--+--+
211 -I -I -I
+--+--+--+
221 -I -I
+--+--+
231 -I
+--+
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Table III. Tester strain intercollection crosses between Petersen
4314, Switzerland, and Johnson 228, Illinois.
(+) = compatible
mating; (-) = incompatible mating.

4314

4

9

14

17

+

+

+-----------+-----------+------------+-----------+
4

+

+

+-----------+-----------+------------+-----------+
5

2
2
8

+

+

+

+

+-----------+-----------+------------+-----------+
6

+

+

+

+

+-----------+-----------+------------+-----------+
15

+

+

+

+

+-----------+-----------+------------+-----------+
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additional single spore isolates from a wide geographical range should
be obtained and crossed to determine the distribution and number of
alleles controlling compatibility in this taxon.

E.

PHENOLOXIDASE ANALYSES

The type of wood rot produced by a basidiomycete is an important
taxonomic character that can be determined by the analysis of
phenoloxidase activity.

Wood-rotting fungi can be divided into two

large groups based on the type of rot they produce:

1) brown rot

fungi, which lack phenoloxidases and can degrade cellulose and
hemicellulose but not lignin, and; 2) white rot fungi, which produce
phenoloxidases and can degrade cellulose, hemicellulose and lignin.
White rot fungi can be further subdivided by the type of phenoloxidases
produced.

Kaarik (1965) divided wood-rotting fungi into four groups

based on the enzymes present in the mycelia: I) fungi that do not
produce phenoloxidases, in other words, the brown rot fungi; II) fungi
that produce only tyrosinase, a phenoloxidase that occurs
intracellularly; III) fungi that produce only laccase, a
polyphenoloxidase that occurs extracellularly, and; IV) fungi that
produce both laccase and tyrosinase.

Kaarik (1965) also suggested the

importance of peroxidase as an extracellular phenoloxidase although he
did not include this enzyme in his system.

Marr et al. (1986) surveyed

a large variety of basidiomycetes for phenoloxidases production in the
basidiocarp and defined four enzyme profiles to be used as an aid in
classification of the basidiomycetes.

This type of grouping helps to

delimit certain fungi that may be morphologically similar but
biochemically distinct.
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In attempt to separate brown and white rot fungi, a series of
tests for the presence of phenoloxidases has been developed.

Davidson,

Campbell, and Blaisdell (1938) used gallic and tannic acid agar to
detect the presence of phenoloxidases through the formation of a
diffusion zone.

Unfortunately, this method does not differentiate

between specific phenoloxidases.

Nobles (1958b) later discovered that

guaiacol could be applied directly to the mycelium to detect
phenoloxidases although it did not differentiate between different
enzyme systems.

Kaarik (1965) tested the reactions of many phenolic

compounds to fungal enzymes and introduced 1-napthol and p-cresol as
tests for laccase and tyrosinase respectively.

Taylor (1974)

introduced pyrogallol as a suitable test substrate for peroxidase.
Each of these tests were subsequently incorporated into Stalpers (1978)
keys.

Syringaldazine was proposed by Harkin et. al.

(1973, 1974) to

test for the presence of laccase and, in the absence of laccase,
peroxidase.

The syringaldazine test has the advantage of being

extremely rapid and very precise because it does not autooxidze or
produce peroxides.
Tests performed on P. conchatus were first reported by Kaarik
(1965) using a wide variety of phenolic compounds.

Additional tests

were performed during this study including the reaction with pyrogallol
and syringaldazine.

Monokaryotic cultures were also assayed for the

presence of phenoloxidases.

Results are summarized in Table IV.

The results of this study agree with those reported by Kaarik
(1965).

Panus conchatus should be grouped in Kaarik's group IV, which

includes white rot fungi that produce both laccase and tyrosinase.
These enzymes were also produced in monokaryons.

These results are

taxonomically significant in that Redhead and Ginns (1985) found
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Lentinus sensu Singer to be composed almost exclusively of brown rot
fungi.

A notable exception to this was L. edodes (Berk.) Pegler, which

was placed in the genus Lentinula Earle by Pegler (1975) based strictly
on morphological data.

Redhead and Ginns (1985) data supports the

recognition of Lentinula as an autonomous genus.

The difference in

type of wood rot (white vs. brown) is additional evidence for the
recognition of Panus as an autonomous genus.

Table IV. Summary of results of phenoloxidase analyses.
(+)
positive; (-) = negative. Johnson 228 and Petersen 4314 are
dikaryons, all others are monokaryons.
1-napthol

syringaldazine

p-cresol

pyrogallol

laccase

laccase

tyrosinase

peroxidase

Isolates

+

+

+

+

228-4

+

+

+

+

228-5

+

+

+

+

228-6

+

+

+

+

228-15

+

+

+

+

+

+

+

+

4314-4

+

+

+

+

4314-9

+

+

+

+

4314-14

+

+

+

+

4314-17

+

+

+

+

228

4314
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While morphology is extremely useful in the systematic treatments
of basidiomycetes, differences in biochemistry cannot be overlooked.
The type of wood rot produced, for example, can be used to segregate
morphologically similar species.

Additional data on the biochemistry

and genetics of the Panus-Lentinus-Pleurotus complex should be gathered
in order to aid in our understanding of the phylogeny of this complex
group.

F. NEMATODE TRAPPING

The predatory nature of fungi on nematodes has been known for more
than a century.

Fungi which prey on nematodes produce a variety of

different types of trapping mechanisms, including sticky nets, knobs,
and constricting or non-constricting rings.

These mechanisms enable

the fungus to hold a nematode while it digests the animal.

Cooke and

Godfrey (1964) compiled a key to the nematode destroying fungi that
included over ninety-seven species of fungi.
established that the

nem~tode

anamorph of Hohenbuehelia.

Barron and Dierkes (1977)

destroying fungus Nematoctonus was the

After this discovery many other nematode

trapping basidiomycetes have been isolated, largely from among the
wood-rotting and litter decomposing fungi.

Thorn and Barron (1984)

reported that fungi included in the genera Hohenbuehelia, Pleurotus and
Resupinatus produce nematode trapping structures.

The ability of wood-

rotting fungi to trap nematodes and the type of trap produced has also
been suggested to be an important character in systematics by Redhead
and Ginns (1985).
Wood-rotting fungi are thought to trap nematodes to supplemente
the available supply of nitrogen.

In wood and leaf litter there is a

large difference between the amount of carbon and nitrogen available.
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This difference has been shown to be limiting to the growth without an
additional source of nitrogen.

Therefore, nematode trapping devices

are thought to have evolved to provide fungi with an additional source
of nitrogen since nematodes are often abundant in decaying wood, leaf
litter and humus.
When exposed to nematodes under laboratory conditions, Panus

conchatus exhibited no evidence of nematode trapping devices or
demonstrated an ability to trap or kill nematodes.

This result may

prove to be of taxonomic significance since members of Pleurotus have
been shown to have nematode trapping capabilities.

Should the ability

to trap nematodes be taxonomically significant at the generic level
rather than the specific level, nematode trapping could be used as
another character to separate Panus and Pleurotus.

Further research

into this area with additional species of Panus and Pleurotus is
warranted.

G. BASIDIOCARP DEVELOPMENT
The production of basidocarps in vitro is influenced by a wide
range of edaphic factors including nutrition, temperature, light,
carbon dioxide concentration, humidity, and pH.

Determination of these

conditions in the laboratory is difficult if not impossible, but when
accomplished opens new areas of research including cytology, genetics
and studies of basidiocarp development.
Under the conditions in this study, no mature basidiocarps were
produced, although cultures in Group IV grown on MEA, PDA, MMsY, and
MMsY+ produced columnar primordia.

When examined microscopically, the

primordia exhibited the production of basidia-like structures
("basidioles") along the surface.

Results are summarized in Table V.
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Table v. Summary of results of basidiocarp development.
primordia formation; (-) = no primordia formation.

(+)

=

Medium
MEA

+

PDA

+

SAB
YpSS
MMsY

+

MMsY+

+

WA+
PTM
SR
SRy

The production of primordia is a significant step in the
production of basidiocarps in vitro.

It seems apparent that a cold

treatment is a necessary step in basidiocarp development in P.
conchatus due to the production of primordia only after an extended
cold period.

Such drops in environmental temperature are also required

in several species of edible mushrooms including Agaricus bisporus
(Lange) Singer, Pleurotus spp., Lentinula edodes, and Flammulina
velutipes (Curtis: Fr.) Singer.

Although cold temperatures have been
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shown to be instrumental in the initiation of basidiocarp production,
little is known of its physiological role except that it may effect
chitinase activity (Tokimoto, 1988).

In order to conduct an

examination of basidiocarp development and basidial nuclear events,
additional research into the nutritional, pH, light, and humidity
requirements of Panus conchatus is required.

In the future it may be

useful to attempt to inoculate and stimulate growth on logs similar to
the methods used in commercial cultivation of Lentinula edodes.

B.

SUMMARY

During this study the taxonomic value of culture mat analyses,
phenoloxidase analyses, mating analyses, nematode trapping ability, and
basidiocarp development were assessed for Panus conchatus.

It was

found that culture mat analyses were of limited taxonomic value due to
the lack of distinctive micromorphological or macromorphological
features.

Evaluation of phenoloxidase analyses showed P. conchatus to

be a white rot fungus producing three major phenoloxidases.

This

character is also valuable in separating Panus from Lentinus sensu
Singer, a brown rot genus.
that P.

The results of mating analyses demonstrated

conchatus has a tetrapolar mating system, and that populations

of P. conchatus from North America are conspecific with European
populations.

The taxonomic value of nematode trapping ability is

presently unknown; however, preliminary results indicate that this may
be a convenient way to separate Panus and Pleurotus.

This

characteristic requires additional research to determine if it can be
used at the generic or specific level.

Although the initiation of

basidiocarps under laboratory conditions failed, this study
demonstrated that P.

conchatus requires a cold treatment prior to the
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formation of primordia.

Factors leading to the further development of

these structures are presently unknown.
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V. APPENDICES
A.

CULTURE MEDIA

Adapted Fries Medium for Panus tigrinus (PTM)
Glucose
NH 4 - Tartrate
KH 2 Po 4
Mgso 4 • 7H 2 o
Feso4 • 7H 2 o
Cuso 4 • SH20
Mnso 4 • 4H 2 o
znso 4 • 7H 2 o
Thiamine - HCl
Agar (Difeo)
Distilled Water

30 g
1 g
1 g
2.88
2.78
0.74
0.67
2.88
120 ug
15 g
1000 ml

mg
mg
mg
mg
mg

Difeo Corn Meal Agar (CMA)
Difeo Corn Meal Agar
Distilled Water

17.5 g
1000 ml

Difeo Malt Extract Agar (MEA)

is

Difeo Malt Extract Agar
Distilled Water

g

1000 ml

Modified Molasses Yeast Extract Agar (MMsY)
Molasses
Yeast Extract (Difeo)
Agar (Difeo)
Distilled Water

12.5 g
5 g
15 g
1000 ml

Modified Molasses Yeast Extract Agar + Wood Chips (MMsY+)
Molasses
Yeast Extract (Difeo)
Wood Chips
Agar (Difeo)
Distilled Water

12.5 g
5 g

10 g
15 g
1000 ml

Difeo Potato Dextrose Agar (PDA)
Difeo Bacto Potato Dextrose Agar
Distilled Water
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39 g

1000 ml

Sterile Rice (SR)

25 g
100 ml

Rice
Distilled Water
sterile Rye (SRy)

25 g
100 ml

Rye
Distilled Water
Sabouraud's Dextrose Agar (SAB)
Difeo Sabouraud's Dextrose Broth
Agar (Difeo)
Distilled Water

30 g
15 g
1000 ml

Water Agar (WA)

15 g
1000 ml

Agar (Difeo)
Distilled Water
Water Agar + Wood Chips (WA+)

15 g
10 g
1000 ml

Agar (Difeo)
Wood Chips
Distilled Water

Yeast Powder Soluble Starch Agar (Emerson),

(YpSS)

4 g
15 g
1 g
0.5 g
15 g
1000 ml

Yeast Extract (Difeo)
Soluble Starch
K2 HP0 4
MgS0 4 • 7H 2 o
Agar (Difeo)
Distilled Water
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B.

Figure I.

FIGURES

Panus conchatus.

Figure II.

Basidium.
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(ASM 5569; 1/2X)

(lOOOX).

Figure III.

Figure IV.

Pleurocystidia.

(lOOOX).

Thick-Walled Hyphae.
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(lOOOX)

Figure V.

Hyphal Swellings.

(lOOOX).

Figure VI.

Hyphal Swelling.

(lOOOX).
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